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Abstract—This work presents the results of simulation of an oil 
spill occurred in 26th January 2012 on Tramandaí beach, 
located at Northern portion of the Southern Brazilian Shelf 
(SBS). This work was carried out through the coupling 
between two numerical models: the hydrodynamic three-
dimensional model TELEMAC-3D which is part of the 
TELEMAC-MASCARET suite and the ECOS (Easy Coupling 
Oil System) which is being developed at Universidade Federal 
do Rio Grande (FURG). Both models are forced by synoptic 
winds data and daily ocean data. This work presents the 
hydrodynamic pattern modelled for the region, the superficial 
drift of oil slick, the oil weathering and a “risk map”. 
Hydrodynamic results show a classical wind driven pattern 
due the action of the winds and the oil drift results indicate 
that the spilled oil reaches the coastline after 10 hours over a 
sand dune field (region with high oil sensibility). The oil 
weathering indicates an evaporation of approximately 18% 
and an emulsification of 70%. Therefore, these effects increase 
the oil density in 4.6% intensifying its vertical dispersion. 
 
I. INTRODUCTION 
As fossil fuel based society, oil spills have been inherent 
to the oceans. There are daily reports of spills due to harbour, 
platforms (FSPOs) and ship operations. In addition, oil 
compositions consist of several long chain and/or polycyclic 
aromatic hydro carbonates which once in contact with the 
environment become toxic compounds, causing a series of 
processes ranging different timescales and also causing 
chronic and irreversible effects [1]. 
The Southern Brazilian Shelf (SBS) is an environment 
with specific characteristics. It is characterized by a large 
continental shelf, located between 28°S and 35°S and is 
influenced by the presence of two western boundary 
currents, the Brazil and Malvinas currents, respectively. In 
fact, the region marks the transition between tropical, 
subtropical and sub-polar waters with the presence of several 
different water masses. The influence of the two major 
freshwater sources, the Patos Lagoon and the La Plata River, 
is also important for the region dynamics due to the 
buoyancy driven circulation caused by their freshwater 
plumes. Finally, near-shore there are the influence of 
modulated tides, winds and waves interacting with manmade 
structures and the biggest Southern Brazilian harbour, the 
Rio Grande harbour complex. This area is ideal for 
application of numerical models since a number of processes 
can be evaluated providing good contributions to the 
knowledge of the dynamics of the region. Moreover, due to 
the harbour activity, the region is prone to have accidents 
with oil and other chemical spills. Oil spills in marine 
ecosystems could generate a series of effects in different 
temporal and spatial scales and some of them could be 
irreversible. Numerical modelling of these processes is a 
powerful tool with low computational cost to investigate the 
path and behaviour of spilled oil. 
The Southern Brazilian Littoral (Fig. 1 A and Fig. 1 B) is 
a continuous sand line with Southwest-Northwest (SW-NW) 
orientation, which could be geographically divided in tree 
major sections: (1) the South Littoral, (2) the Middle Littoral 
and (3) the North Littoral [2]. Tramandaí beach is located at 
the North Littoral portion, where the major biodiversity of 
whole littoral is found due to the more complex local 
geomorphologic factors [3]. 
The North Littoral has susceptibility to oil spills due to 
the presence of oil capture buoys. These buoys are located in 
the coastal area capturing the oil from tanker ships and 
transmitting to the Osório oil plant. There are two buoys in 
this region; however, this work is focused on the nearest 
buoy from the coastline, located at 30◦01’36” S 
50◦05’12”W. This buoy is located at the 25 m isobath and is 
connected with the Osório plant by a 6 km oil-duct and 
further to the Alberto Pasqualini refinery (REFAP), in Porto 
Alegre, by a 90 km long oil-duct. Fig. 1 C shows the location 
of the buoy with the "+" signal. 
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and the spilled oil volume was 13.42 m³. The information 
regarding the spill was cordially given by the Brazilian 
Environmental protection Agencies and the Brazilian Navy. 
IV. RESULTS AND DISCUSSION 
A. Hydrodynamic 
Because the major influences on the oil path in this 
region are the winds and currents [12], the hydrodynamic 
results of this work are focused on the behaviour of the 
costal wind-driven currents and the sea surface height (SSH). 
 
 
 Temporal variability of: A) Sea surface height; B) Wind speed Figure 4. 
and direction; C) Surface currents speed and direction. 
Fig. 4 shows temporal series of SSH, winds and surface 
currents.  These time series were obtained at the buoy region 
shown in Fig. 1 C and indicated by the “+” marker. The SSH 
is in the expected theoretical range for this region with 
values around 1.0 m. Throughout the simulation a 
bidirectional behaviour of coastal currents is observed. This 
pattern relies on the interchange of wind direction due to the 
passage of frontal meteorological system in this region. This 
pattern of the wind circulation was identified before for the 
SBS [5, 6, and 13] and the bidirectional behaviour of the 
coastal currents was presented at Tramandaí coast by [14, 
15]. 
Fig. 5 to 10 show the variability of the coastal currents 
and SSH in intervals of ten days. Colour gradients and 
vectors indicate the intensity and direction of the currents 
whereas white contours indicate values for SSH.  
 
 Spatial variably of surface currents and SSH for 1st of January. Figure 5. 
 
 Spatial variably of surface currents and SSH for 10th of January. Figure 6. 
 
 Spatial variably of surface currents and SSH for 20th of January. Figure 7. 
 
152

XXth TELEMAC-MASCARET User Conference Karlsruhe, October 16–18, 2013 
 
 
 
 Risk (or probability) map for the oil spill event reaching the Figure 11. 
coastline. 
V. FINAL CONSIDERATIONS 
The conclusions of this work are: 
• The hydrodynamic behaviour is regulated by the 
winds and bottom topography showing a 
bidirectional pattern throughout the simulation; 
• The major features of the coastal circulation were 
well represented by TELEMAC-3D, such as the 
alternation of the current directions due to the wind 
field, the coastal meanders and the bottom induced 
topography.  
• The oil slick reaches the coast line after 10 hours 
induced by the averaged currents and wind field; 
• The oil weathering is responsible to an increase of 
4% in oil density leading the vertical circulation 
processes of the oil spilled; 
• The main endangered area is a sand dune field near 
Cidreira city. 
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